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DANGERS IN REFINING RADIOACTIVE SUBSTANCES* 


HERMAN ScHLUNDT, WILLIAM McGavock, Jr., AND Minprep Brown 


University of Missouri, Columbia, Mo. 


HILE the dangers incident 

to the handling of high grade 

radioactive materials have 
long been known, recent investigations 
of cases of radium poisoning (1) (2), 
together with a number of unofficial 
reports, have drawn attention to the 
advisability of investigating more thor- 
oughly the hazards involved in this 
occupation. Such an_ investigation 
has been in progress during the past 
three years in this laboratory, where 
the refining of commercial mesotho- 
rium through the final stages was being 
carried on. The purposes of this 
investigation were: first, to measure 
quantitatively the intensity of radia- 
tions remaining in the laboratory 
after precautions had been taken to 
reduce them to a minimum; second, 
to examine the workers for accumu- 
lated active material; and third, to 
keep a record of their physiologic and 
cytologic conditions. It is hoped 


* Received for publication Jan. 8, 1931. 


that this and similar investigations 
may lead eventually to the removal of 
all dangers now involved in the hand- 
ling of unsealed radioactive substances. 

The refining operations were carried 
out by three students, each working 
from fifteen to thirty hours a week. 
They purified and fractionally ecrystal- 
lized the radioactive salts until the 
gamma ray activity per milligram 
measured under standard conditions 
was 60 to 150 per cent. of that of 1 
mg. of pure radium (element). The 
amount of mesothorium ordinarily 
present in the crystallizing system 
was from 100 to 300 mg. The labora- 
tory itself was well lighted and venti- 
lated, and was provided with a good 
hood with forced draft. 

Table 1 shows the decomposition 
products of radium and mesothorium 
and their genetic relation (3). The 
activity of commercial mesothorium 
is due to the presence of radium, 
mesothorium 1, and their transforma- 


tion products in such _ proportions 
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that from 10 to 20 per cent. of the with mesothorium 2; radium D and 
gamma ray activity of the prepara-  radiothorium, although slowly accum- 
tion one month after sealing is due to ulating, are present in amounts which 
members of the radium series. Not are small compared to their equilib- 


TABLE 1.—-DECOMPOSITION PRODUCTS OF RADIUM AND MESOTHORIUM 








ELEMENT 





HALF VALUE 
PERIOD 


RADIATION 





Radium Series 




















RT TTT TET CTT CTT ETT Tee 1,590 yrs. alpha 
NR ea aa 5a Fae ak OS oe ore a RR 3.85 days alpha 
Ee eee ree ree ree ree 3.0 min. alpha 
Cocoa eur. eae e ta ene yaa e ney 26.8 min. | beta and gamma 
a ce Naess bs CERNE RAMEE RA OOR Oo Bae 19.5 min. | beta and hard gamma 
Ns ey un aye e ak Manatee EERE TaN 10-* see. alpha 
evo ar re rane asa ae eta ag ares 16.5 yrs. (beta and gamma) 
=e ee rrr rere Terre rr er rere 5.0 days beta 
En ee san Sri erent Pe Ur ener 136 days alpha 
STE IE ig cana geineisaseueeueeisvaeuee  Waaavas 8 s&enscues 
Mesothorium Series 
I Boos ce ke nee wbers Panr eeu hee enn a a, ere 
a ee eee eee ee 6.2 hrs. | beta and hard gamma 
rE or cr ay gard eed gee Sw ee 2.02 yrs. alpha 
I Mra yas bsg aie beeen ia Sa eee es 3.64 days alpha 
as tea ee eee ee keene ere 54.5 see. alpha 
errs ate ag ate Aer ia eral 5 0.14 see. alpha 
EN cease eee oh xa oe ee oe ee eRe ae 10.6 hrs. | beta and gamma 
ME MI a icig hehe ai 3d Wie sk Sees OP eae 60.0 min. 65% beta 
ME oe ree art ee ee eee ee 10" see alpha 
po BR Gate rrr Seen oy Emp eee ge © Spammers Cy repan 
IE Og ear Wale ee as Ske eae Es Ce eRe TED 35% alpha 
I ek rk van cas baka enaic eeree 3.1 min hard gamma 
I Re oe corr rae Cai NaS ree Gee Maa a aaa ee de Re eo 














1A branching of the radium series occurs here, 0.03% of the radium C atoms emitting 


alpha rays. 





2 A branching of the mesothorium series occurs here, 65% of the atoms of thorium C 


undergoing a beta ray change forming thorium C’, while the other branch claiming 35% 


¥ 


of the atoms of thorium C emit alpha rays and form thorium C”’, often designated as thor- 
ium D, which finally changes into thorium lead with the emission of the hardest gamma rays 


of radioactive origin. 


all the transformation products are rium 


amounts. 


The quantities of 


present in equilibrium amounts, ra- other products present depend on the 
dium being in equilibrium with its first age of the preparation. Alpha rays 
four products, and mesothorium 1 are emitted by ten members of these 


o. Ls Me 
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series, among them thorium C’, which 
furnishes the longest range alpha 
particles known. The gamma _ ray 
activity is due principally to mesotho- 
rium 2, but radium C and thorium C” 
also contribute their gamma _ radia- 
tions, the most penetrating known. 
Beta rays are emitted by six products, 
principally radium B, radium C, and 
mesothorium 2. Two other products 
of these series, radon and thoron, are 
gases and may escape into the atmos- 
phere, there to decay with the emission 
of alpha particles. The rate of decay 
of all these substances is independent 
of the physical state and their chemical 
combination. 

During the process of refining meso- 
thorium by fractional crystallization, 
danger from some of the foregoing 
radiations is decreased since the salts 
are kept either in solution or in con- 
tact with solution at all times. Under 
these conditions the alpha rays are 
completely stopped and the beta rays 
almost completely absorbed by the 
dishes, solvent, and air. With reason- 
able care, the contact of solutions 
with the skin or the entrance of active 
matter into the body through the 
mouth ean be prevented. Thus the 
principal sources of danger ordinarily 
present are the gamma radiations and 
the radioactive gases in the atmos- 
phere. 

There are times, however, when the 
dehydrated salts must be handled. 
In this work it is always possible that 
small particles may be dusted into the 
air and breathed into the lungs. This 
danger was removed in our operations 
by using a good hood with forced 
draft, provided with a large piece of 
plate glass placed between the worker 


and the active material. As an extra 
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precaution the worker wore an im- 
provised gas mask, so arranged that 
the air inhaled passed first through 
several thicknesses of moist gauze. 
In order to reduce the intensity of 
gamma radiation from high grade 
materials (and also of unabsorbed 
beta), thick lead shields and lead con- 
tainers for the erystallizing dishes 
were provided. Protection against 
the small intensity of gamma radia- 
tion emitted from the large bulk of 
low grade materials was unnecessary— 
the more so since the intensity at all 
stages of the process was reduced by 
the removal of some of the substances 
emitting gamma rays. Mesothorium 
2, the principal source, could not be 
removed conveniently, for a daily pre- 
cipitation would have been necessary. 
Radium C and thorium C”, however, 
were effectively removed by the sepa- 
ration of their parent substances, radon 
and Radon, being a 
gas, escaped during the daily boiling 
of the solutions; and radiothorium, 
together with heavy metallic impuri- 
ties, Was removed by precipitation 
with hydrogen sulphide in ammeniacal 
solution as the first step in the refining 
process. Since metallie impurities do 
not interfere with the work of refining, 
this precipitation has been omitted in 
the past by commercial laboratories. 
The two isotopic radioactive gases, 


radiothorium. 


radon and thoron, are continuously 
produced in the active solutions; they 
partially escape into the atmosphere, 
where they decay with emission of 
alpha particles and formation of solid 
active 


deposit on all exposed. sur- 


faces. If this deposit is formed on the 
lining of the lungs, active materials 
may find the blood 


stream the 


their way into 


paris ol 


and to various 
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body, there to decay with emission of 
all types of radiation. IT ortunately, 
the amount of radiothorium in the 
original crude materials, as well as of 
its product thorium X, parent of 
thoron, is ordinarily small compared 
to the equilibrium amount. The rate 
of production of thoron by thorium X 
is therefore correspondingly small and 
would become zero in the course of a 
month after removal of radiothorium, 
were it not for the slow re-formation 
of this substanee by mesothorium. 
As a result, the rate of formation of 
thoron during the erystallizations is 
probably not over 5 per cent. of the 
equilibrium rate at any time. Since 
there was apparently no means of 
preventing contamination, with these 
gases, of the air breathed by the work- 
ers, quantitative measurements were 
made of the amounts of each present 
in the laboratory. 

Several methods have been em- 
ployed for the detection and estimation 
of radon in the atmosphere, whereas 
thoron seems to have been deter- 
mined only relative to radon by means 
of an analysis of deeay curves (4) (5). 
Methods used for the quantitative 
determination of radon include: (1) 
absorption on cocoanut charcoal (6); 
(2) condensation by liquid air (7); 
(3) direet in a large 
ionization chamber (8); and (4) expos- 


ing a 


measurement 


wire to 
accumulate an active deposit whose 


negatively charged 
activity is measured in an alpha ray 
eleetroseope (5). In this investiga- 
tion the third method was used for 
determination of radon, while a ‘‘con- 
tinuous flow’’ was used for determining 
thoron. 
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DETERMINATION OF RADON 


A sample of filtered air from the 
region in the laboratory thought to 
possess the greatest activity was intro- 
duced into an evacuated ionization 
chamber of a Lind type of electro- 
scope and the activity was measured 
at the end of three hours. As soon 
as the readings had been taken, the 
gas in the chamber was blown out 
with a stream of dry, inactive air. 
By this method both the thoron and 
the radon in the air entered the cham- 
ber, but the thoron soon decayed, 
leaving a deposit whose activity was 
found to be negligible. The quantity 
of mesothorium present at the time 
of the measurements was about 150 
mg. The constant of the electro- 
scope used was 15 x 10~° curies per 
division per second (9), and the volume 
of the ionization chamber 3. liters. 
The calculations were made as follows: 


P 1000 
(Net drift) x 15 x 10° x —— = curies 


per cu. m. 


The results of measurements made on 
different days are: 


Net Drift Radon 

div./sec. curies/cu.m., 
0.020 1.0 x 30° 
0.096 48x 107! 
0.035 Los i 
0.077 3.9 x 107! 


These values, which do not vary 
greatly from day to day, are assumed 
to represent the maximum amounts of 
radon present under the usual labora- 
tory conditions, with the fan run- 
ning continuously. Although several 


thousand times as large as the radon 


J.1, 5 
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Ome 


content of ordinary atmosphere (5) 
(10), they are insignificant compared 
to the amounts of thoron determined, 
as described in the following section. 


DETERMINATION OF THORON 


Method.—Yhoron could not be de- 
termined in the same manner as radon 
because of its rapid rate of decay 
half value in 54.5 seconds. A possible 
method was suggested by the work of 
Cartledge (11) and of Helmick (12) 
on the quantitative measurement of 
thorium in monazite sand. Using 
apparatus similar to that which they 
describe, the following procedure was 
devised: The electroscope was eali- 
brated in terms of thoron, by drawing 
a steady current of inactive air 
through a standard solution of thor- 
ianite (an old mineral in which 
thorium is in equilibrium with thorium 
X) and then through the electroscope 
chamber. 





The thoron passing into 
the electroscope was immediately in 
equilibrium with thorium A (half 
value period = 0.14 second), and it 
was necessary to wait only a few 
minutes for the drift of the leaf to 
become constant. Thereafter, active 
air from the laboratory was drawn 
through the same system, except that 
an inactive solution of the same den- 
sity and chemical composition (except 
for the thorianite) was substituted for 
the standard thorianite solution. It 
was thought that from the observed 
activities in the two cases the number 
of curies of thoron per cubic meter of 


laboratory air eould be calculated. 
It was found, however, that a fal- 
lacious assumption was necessary: 


that the fraction of the emanation 
escaping from the active standard 


solution into the stream of inactive 
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air was equal to the fraction remain- 
ing in the stream of active air after it 
had passed through the inert solution. 
Consequently this method could not 
be justified for the quantitative meas- 
urement of thoron, though approxi- 
mate results might be obtained. 

A somewhat different procedure 
was finally adopted. The electro- 
scope was calibrated in terms of radon 
by the usual emanation method, and 
the calibration constant in terms of 
thoron calculated in the manner to be 
described later (see page 123). In 
making the measurements, active lab- 
oratory air was drawn through the 
electroscope chamber at a known and 
constant rate, producing an observed 
net rate of discharge. From the 
calibration constant in terms of thoron 
the number of curies of thoron appar- 
ently present in the chamber during 
the measurement was ealculated; and 
from other constants of the apparatus 
it was possible to calculate the num- 
ber of curies of thoron per eubie meter 
of laboratory air (see page 126). 

The details of the 


apparatus are 
shown in Figure 1. The pressure 
regulator maintained the pressure 


constant to within 0.05 mm., small 
fluctuations due to the bubbling of 
excess air through the cylinder being 
equalized by the large volume of air 
in the earboy. Obviously the appara- 
tus consists merely of a device for 
insuring constant rate of flow and a 
means of drawing active air from the 
laboratory into the eleetroscope. 
The rate of flow of the air was deter- 
mined in the following manner: In- 
stead of from the 
laboratory, air was drawn from an 


being drawn 


aspirator bottle inverted in a jar of 
water, the pressure inside the bottle 
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being maintained at one atmosphere 
by lowering it into the water as air 
was removed. The time was ob- 
served on a stop watch and the total 
volume of air was measured by the 
inflow of water into the aspirator 
bottle; in this way the rate of flow was 
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rapid a discharge of the electroscope, 
for under these circumstances the po- 
tential on the electrode is less than 
the saturation potential, and recom- 
bination of the ions may occur. An 
example of this is found in Table 3, 
Series 1; for such cases the amounts 
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‘ra. 1.—Apparatus used for the determination of thoron. 


TABLE 2.—CONSTANTS OF 


ELECTROSCOPE USED IN DETERMINATION OF 





THORON! 





Calibration constant of electroscope........ 
Klectrostatic capacity (14).................. 


Drop in potential per scale division...... 
fonization efficiency (14).......... 


Volume of eleetroscope chamber............ 
Volume of tubing and connections between intake and elee- 
eee eee | 160 + 0.5 e.e. 


troscope chamber....... ; 


Pe eee | 27.5 x 10-° curies/div./see. 
En ee ee | 14.8 em. 


2.76 volts or 0.0092 e.s.u. 
— OT 
(S/o 


2,840 c:c. 











! The eleetroscope used was No. 5, described in the work of Randall (14). 
| 


determined to within 0.05 e.e. per 
second. The tip thus ealibrated was 
used at the intake during all measure- 
ments. The opening of this tip was 
quite small, resulting in a slow rate of 
This rate 
was made slow in order to prevent too 


flow of 6 ¢@.c. per second. 


reported are less than the actual 
amounts. Because such high activi- 
ties were seldom measured, it was 
thought unnecessary to obtain slower 
rates of flow. 

The electroscope used eali- 
brated in terms of radon by the usual 


Was 
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emanation method, employing stand- 
ard radium solutions prepared by 
Barker (13). The constants of the 
apparatus are found in Table 2. 

Since the activity of a sample of 
laboratory air trapped in the electro- 
scope decayed to half value in 54.5 
seconds, the half life value for thoron, 
it was concluded that this was the 
active substanee present. Further- 
more, it was observed after a series of 
measurements that the natural drift 
was normal within the accuracy of our 
observations (5 to 5 per cent.). This 
indicated that thoron was not in 
equilibrium with thorium B= and 
thorium C, but with thorium A only. 
Successive readings obtained with the 
apparatus shown in Figure 1 some- 
times varied by as much as 50 per 
cent., owing to shifting convection 
currents in the room; in general, how- 
ever, the agreement was much better, 
as is shown by the following figures, 
which represent the times required 
for the leaf to drift over 40 seale divi- 
sions with the intake at various posi- 
tions in the laboratory: 


Position 


1 2 3 
S€C. S€C. SéC. 
77; 48 22.0 42; 34 
64; 66 19.0 27; 36 

62 18.5 36 


In Table 3, the values for the net 
drift of the leaf are derived from the 
averages of sets of values such as the 
three listed above. Each series of 
measurements was made on a different 
day. After Series 2 of these measure- 
ments was made, the high grade salts 
were removed from the laboratory, 
and a new consignment containing 
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approximately 100 mg. of activity was 
placed in solution. During the first 
four series the rate of flow of air 
through the apparatus was 5.75 
+0.05 e¢.e. per second, and during 
the last two, 6 +0.05 ¢.c. per second. 

Calculations.—The figures in the 
second column of Table 3 were ob- 
tained by subtracting the net rate of 
discharge due to the average amount 
of radon measured in the laboratory 
from the observed net rates of dis- 
charge, 7.e., a subtraction of about 
0.01 division per second. To obtain 
the figures in the third column it was 
first necessary to convert the calibra- 
tion in terms of curies of radon into 
curies of thoron by a comparison of 
the ionization currents produced by a 
curie of each gas under the respective 
conditions of their measurement. Tor 
this purpose a curie of thoron may be 
defined as the amount which furnishes 
the same number, 3.7 x 10!°, of alpha 
particles per second as 1 curie of 
adon; this is about 2.9 x 10" atoms 
of thoron, as against 1.8 x 10'® atoms 
of radon (15) (16). 

The ideal values of the ionization 
currents due to a curie of radon or 
thoron were calculated on the basis 
of the following assumptions: (1) that 
alpha rays from the gases exert their 
full ionizing effects; and (2) that only 
half of the alpha rays from solid 
products exert their full ionizing 
effects, provided they are sufficiently 
long lived to be deposited on the elec- 
trodes before decomposing. The fol- 
lowing data on the ionizing power of 
single alpha particles from each of the 
substances involved were taken from 
the International Critical Tables (3): 
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TABLE 3.—MEASUREMENTS ON THORON 





NET DRIFT OF 
POSITION OF TIP LEAF DUE 
To In 


CURIES OF CURIES OF 
TN MEASURED TN PER CU-M. 


div./sec. 














Series 1 





Circulation in the room was at a minimum, the fan being off, and the windows and doors 


closed ‘ 


Bim ke. a re | 13.200 | 3.43 x 1077 | 6.28 x 107° 

es ee Ge I hk eke ce eae enre rede ees 2.620 | 6.81 x 1978 | 1.25 x 10-3 

Wes VEE BATE WGK. 5 ccc cise cecsacconeres | 0.090 | 2.34x10-9 | 4.28 x 10-5 
| } | 








The fan bad been running an hour or more before these measurements were taken. All 
the dishes were cold and many were covered with watch glasses. 


15 ft. from active material.................. | 0.020 | 5.20 x 10719 | 9.52 x 107° 
3 ft. above central table.................... | Activity attributed to radon. 

A few inches above same table..............) 5.690 |) 148x107" | 2.71 x 1073 
ee ae ee a hemi ear eee n 2.000 | 5.20 x 1073 | 9.52 x 1074 
Under central table 1 ft. from floor. ........ | 0.378 | 9.83 x 1079 | 1.80 x 1074 





Series 3 





This run is typical of operating conditions in the laboratory, with the fan running, 
windows open, and the dishes being heated in the process of erystallization. 


6 in. directly above head dish of new sys-| | | 


RS eee crak ane peed Saree ace ek oor 6.590 171x107 | 3.13 x 1073 
In front of head dish in same position as head | | 
of worker ee eee ee ee Sgr ed Sere oo 1.050 2.73 x 1078 | 5.00 x 1073 





meres 4 








The measurements of this series were made while the fan was not running, and the 
windows and doors were closed. The solutions in the dishes were cooling after being 


heated during the day. 


3 in. from floor, 12-15 ft. from mesothorium || 0.187 | 4.86 x 10-9 [ 8.89 x 107 
5 ft. from floor over same spot............. : 0.058 | 1.51x 10-9 | 2.76x 107 
3 ft. above central table, on which was no| | | 

ER GE, cu oa ee ee eee eee | 0.280 | 7.28 x 1079 1.33 x 107* 
On table to left of hood, by 50 mg. active salts. | | 

in large dishes...... Te de ee | 1.120 | 2.91 x 10-8 | 5.33 x 10 





Series 5 





The ventilating fan in the hood had been running over two hours, but no windows were 


open, und there were no boiling or hot dishes. | 


2) ft. above table to left of hoed........... 0.015 | 3.38 x 10710 | 6.08 x 10~° 
In hood in draft from head dish........... 1.520 | 3.98 x 107% | 7.16 x 107% 
fae Se Or RR ren eas ee ere ee Sore 2 O60 | 5.26 x 1073 | 9.65 x 107% 


J. 1, i. 
April, 1931 
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TABLE 3.—C onclude d 











NET DRIFT OF | 
LEAF DUE 
To TN 


CURIES OF | CURIES OF 


POSITION OF TIP ai = 
: ‘TN MEASURED] TN PER CU.M. 


| 
a 
div./sec. | 





Series 6 





Conditions during this run were the same as for the preceding series of measurements. 


On small table to right of hood............. | 0.458 | 1119x1078 | 2.14x 107! 
In hood to right of head dish............... | 0.410 | 1.07 x 1078 1.93 x 1074 
Over table to left of hood...................] 0.427 | 1.11 x 1078 2.00 x 1074 


' 








Jon Pairs The number of ion pairs formed by an 
"ie | ) fi--§ . . . 
Element #10 alpha particle from thorium A is not 


‘ it Tr S ) 7 aS ¢ . . rs . . . 
Radium Series divided by 2 in this expression because 


De stat . ° 
tadon pig elt ial a et dilalntas Sahl 1.89 the rapid rate of deeay of this sub- 
| Peer ee ere rr 1.77 


e 1 S § Ly ey ‘ ‘Oa at S , y » » ’ ‘ S} } 
Radium C’..................... 2.9 ne prevents complet deposition 
of its molecules or ions on the walls of 


Thorium Series: , a, 
the electroscope before decomposition. 


MU idea ceded eee ka eae 1.78 m ee 
toes. hi 1.92 Che actual ionization current from a 


: curie of radon at maximum activity in 
Sj > OO ) ) bd ) ‘ bd SI ] 4 . 
Since at the end of three hours only the electroscope has been determined 


. 0.978 curie of radon and of each of its jy Randall (14) to be 78 per cent. of 

,, short-lived products remains in the the 
electroscope chamber, the total ion- 
ization current at this time may be 
summed up by the expression: 


value caleulated above. This 
value was recently checked to 1 per 
cent. from the data of Table 2, using 
Randall’s value of the electrostatic 

r (1.77 x 10°) eapacity.! In the case of thoron, it 
0.978 js 5 x 105) + —— + 


2 was assumed that the actual ionization 
current was 80 per cent. of the value 





(2.2 X 10°) 





, -——— 3.42 x 10" x 
i > 
1g 1A net drift of 1 division per second for 
a st an instrument whose electrostatic capacity 
4.774x 10-" = 6.15 x 10° e. 8s. u. I 


is 14.7 em. represents an ionization current 
Adding 1 per cent. to this value, on of 0.0092 x 14.7 = 0.135 electrostatic unit. 
account of the ionization by beta and But as we have seen (Table 2), a net drift of 
gamma rays, and dividing by 0.978, 


1 division per second is given by 27.5 x 
jue , 10~° curies of radon at the time of maximum 
the value 6.35 x 10° electrostatic units 


activity. The ideal value for the ionization 
per curie is obtained. current produced by 1 curie of radon at the 

A similar ecaleulation for thoron, time of maximum is 6.21 x 10° electrostatic 
including thorium A as the only sub- units, whence the ideal lonization current 


= stance in equilibrium, yields the ex produced by 27.5 x 10> curies of radon will 
stance or 1e1das *X~ : 7 
; » S be 27.5 x 1072 x 6.21 x 10° = 0.171 electro- 
pression: static unit. The measured current 0.135 
nan St: 1p itic naarly 7f : vat r thy, 
(1.73 + 1.92) x 108 x 3.72 x 10° x 4.774 x Clectrostatic unitis nearly 79 percent. of th 
ideal, while Randall found the ionization 
107 = §6.59 x 10° e. s. u. per curie efficiency to be 78 per cent. 
Vol. 13 
H. 


No. 4 


931 
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calculated above, largely because eal- 
culations show that an appreciable 
fraction of the thorium A particles 
the walls of the eleetroscope 
decomposing. This assump- 
tion is thought to be good to +10 
On this basis the ealibra- 
the instrument in 
terms of thoron is 26 x 10~-° ecuries 
This con- 
stant, multiplied into the values found 
in the column of Table 3, 
of curies of 
the 
cleetroseope during the measurement. 

The ealeulation of the number of 
curies of thoron per cubie meter of the 
laboratory air is based on the follow- 
The half life pe- 
riod of thoron being 54.5 seeonds, an 
appreciable fraction of the emanation 
entering the intake of the apparatus 
deeays before reaching the electroscope 


reach 
bef re 


per cent. 
tion constant of 
per division per seeond. 


second 
gives M, the number 


thoron apparently present in 


ing considerations. 


chamber; and since the volume of the 
2,840 ¢.¢c., a negligible 
fraction of the thoron entering will 


chamber. is 


escape to the pump while the rate of 
flow is about 6 ¢.¢. per second. Hence, 
if the steady state obtains, 


Number of curies entering per second = 
number of curies decaying per second (1) 


Let Q = number of curies entering the 
chamber per second 


Then it follows from equation 1 that 


9 

Q=,AM (2) 

where X\ = transformation constant of 
thoron = 0.0128 

M = curies of Tn measured (third 


column of Table 3) 


At 


Q=Qe-_ (3) 


— 0.0128 t, 
S 
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number of curies of Tn enter- 
ing the intake per second 


where Q, = 


t = time necessary for the volume 
entering per second to pass 
from intake to chamber 


volume of tubing and connections 





rate of flow 


160 
rate of flow 





e = base of the natural logarithms 
Combining equations 2 and 3, we have 
AM ; 
Qo = = (4) 
e 
Then the amount of thoron per cubic 
meter of air is 


(), x 10° 


rate of flow 





0.0128 x 10° 





(rate of flow in ¢.c. per second) 


The rate of flow of air through the 
system during the measurements for 
Series 1 to 4, inclusive, was 5.75 c.e. 
per second, and for Series 5 and 6 it 
was 6 ¢.c. per second. Equation 5 for 
these cases thus reduces to 


For Series 1 to 4, ine.: 
Curies of Tn per cu. m. = (1.83 x 104) M 


For Series 5 and 6: 
Curies of Tn per cu. m. = (1.80 x 10') M 


The results caleulated in this manner 
and recorded in the fourth column of 
Table 3 are probably accurate to 
within 10 per cent. The electroscopic 
measurements are accurate to within 
5 per cent., but other sources of uncer- 
tainty arise from the assumptions 
necessary in making the calculations. 
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DISCUSSION OF MEASUREMENTS ON 
RADIOACTIVE GASES 


The number of curies of thoron per 
cubic meter of air was in general 
about 1,000 times the number of 
curies of radon, and consequently more 
complete measurements were made 
on thoron than on radon. ‘The results 
of Series 1 show that when the dishes 
are cold and circulation in the room is 
at a minimum, the thoron barely rises 
above the dishes before it decays, and 
that the air breathed by a_ person 
standing near the tables is practically 
free from this gas. On the other hand, 
when the solutions are being heated in 
the usual daily procedure, the thoron 
is much more widely distributed, and 
neither the draft produced by the fan 
of the hood nor any other means of 
circulation can prevent contamination 
of the air with this gas. The results 
of other series of measurements indi- 
cate the state of the atmosphere under 
a variety of conditions. 

It is now of interest to calculate 
roughly the number of atomic dis- 
integrations occurring per unit time 
in the lungs of a worker; this rate will 
be compared with the rate of emission 
of alpha particles from 10 micrograms 
of radium, an amount which, when 
deposited in the tissues of the body, 
is probably just within the limits 
of tolerance of the average person. 
(Radon is disregarded in this calcula- 
tion.) A representative thoron con- 
tent may be taken as 107? curies per 
cubic meter, or about 300 atoms per 
cubie centimeter. It follows that if 
by the process of breathing, about 
3,000 ¢c.c. of air in the lungs is main- 
tained at the same emanation content 
as the laboratory air, the lungs will 
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contain 9 x 10° atoms of thoron which, 
together with thorium A, will undergo 
2x 9x 10° x 0.0128 = 2.3 x 10 
atomic disintegrations per second, or 
about 1,400,000 per minute, each 
disintegration being accompanied by 
the emission of an alpha particle. 
The corresponding number of dis- 
integrations from 10 micrograms of 
radium is 66,000,000 per minute. 
From this comparison it appears that 
the dangers from thoron are slight, 
especially since the exposure is not 
continuous and the active deposits are 
short lived. There is, however, a 
possibility that the bombardment of 
the lung passages with alpha particles 
may eventually weaken the lungs or 
result in some unknown disorders. 


ELEcTROSCOPIC EXAMINATION OF 
WORKERS 


During their term of employment 
the workers were examined for radio- 
activity at intervals of about a month. 
The tests were continued on two of 
the subjects for fully a year after 
they had stopped working in the refin- 
ing laboratory. 

The methods of detecting radio- 
activity in living persons described 
by Schlundt, Barker, and Flinn (17) 
were followed in testing the workers 
for radioactivity. During the first 
year the workers were examined by 
both the gamma ray method and the 
expired air method. As time went on, 
the tests were limited to the expired 
air, because it was found that by the 
gamma ray method, tests were deceiy- 
ing unless special precautions were 
taken. Before a gamma ray test 
was made, the subject stayed out of 
the refining laboratory for a day. A 
thorough cleansing bath including a 
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hair shampoo was required, and a 
complete outfit of clothing not pre- 
viously worn in the refining laboratory 
wis insisted upon. Despite these pre- 
cautions, irregularities in the gamma 
ray readings were obtained. The 
activities measured were generally 
close to the limit of detection by the 
instrument, 2 to 3 micrograms. liven 
these small positive values obtained 
now and then were finally aseribed to 
accidental contamination. When we 
substituted tested inactive garments 
for those from the wardrobe of the 
subject, the gamma ray tests became 
uniformly negative. 

Nevertheless, the subjects when 
examined by the expired air method 
began to show radioactivity. 
The test for the presence of 
thorium by the expired air method is 
far more sensitive than the test for 
radium (17). The radioaetive emana- 
tion of the thorium series, thoron, 
disintegrates about 6,000 times faster 
than radon, the radioactive gaseous 
product of the radium series. It is this 
facet which makes possible the detection 
of farsmaller quantities of thoron than 
of radon in the expired air of radio- 
active persons. When a marked in- 
crease in discharge of the testing elec- 
troscope is produced by thoron in 
expired air, it must not be inferred 
that the person under examination 
should then, too, give a positive gamma 
I’xtremely small amounts of 
thorium C”—the 
rays— 


Soon 
Ineso- 


ray test. 
mesothorium 2, or 
emitting 
doubtless are present in subjects ex- 
piring thoron, but the actual amount 
of these is too small to be detected by 
the gamma ray method of testing. <A 


elements gamma 


few millimicrograms—not micrograms 
—of mesothorium, measured as radium 
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equivalent, will suffice to supply 
continuously detectable quantities of 
thoron. 

The electroscopie tests for thoron 
in the expired air of the workers were 
not made immediately after they had 
been at work in the refining laboratory. 
Twelve to fifteen hours generally in- 
tervened. The laboratory in which 
the tests for activity of the workers 
were made was not in the same build- 
ing with the refining laboratory. 
These tests were conducted in another 
building in a room reserved for the 
measurements of low grade radioactive 
materials. A Lind type of electro- 
scope consisting of a 3-liter ionization 
chamber and interchangeable head 
was used. 

As a general rule, the expired air 
tests were conducted in this way: The 
subject foreed expired air through the 
chamber of the electroseope, volume 
2,700 ¢.c., for three minutes. The air 
first passed through a drying tower of 
calcium chloride and cotton. The 
stopeocks of the chamber were then 
closed and readings of the drift of the 
charged leaf taken at once at intervals 
of 54.5 seconds, the half period of 
thoron. As an example, the net 
drifts taken over four successive half 
periods ran 17.5, 9, 4.6, and 2.2 
divisions per second, values character- 
istic of thoron. The presence of radon 
in the expired air was rarely detected 
with certainty. 

As time went on, the 
developed a_ distinet radioactivity. 
In one of the workers the presence of 
thoron was detected in the expired air 
after he had worked in the laboratory 
for only a few days. In the case of 
another worker two months passed 
by before thoron was detected in the 


workers 
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expired air. The quantity of thoron, 
although fluctuating, gradually in- 
creased in all the workers, with length 
of service. 

Some tests on individual workers 
will now be given. The expired air 
from one of the workers produced a 
net drift of 22 divisions during the first 
half period of 54.5 seconds. ‘The test 
was made two days after he stopped 
working in the laboratory. After 
three months he was tested again 
with the same instrument. The net 
drift had dropped from 22 to 1.9 
divisions. 

Another worker (H. 8. in Table 4) 
had developed an activity of 19 divi- 
sions net drift in 54.5 seconds at the 
time he stopped working in the refin- 
ing laboratory. A year later the test 
gave a net drift of only 2.2 divisions 
in 54.5 seconds. Weare thus inclined 
to say that the activity acquired dur- 
ing employment in the refining labora- 
tory does not become fixed in the body. 

Still another worker in a crystallizing 
laboratory where mesothorium bear- 
ing chlorides are purified and fraction- 
ated was tested by both the gamma 
ray and the expired air methods. 
Both tests were absolutely negative. 
This subject is 63 years old,. and has 
worked in a refining laboratory regu- 
larly for a period of three years. 
During this period he has ‘stepped 
up” the chloride crystals and has 
thus handled about 2,200 mg. of 
mesothorium expressed as radium 
equivalent. 

During the summer of 1929, Mr. H. 
A. Mangan (18) made a series of 
expired air tests on one of the workers 
in the refining laboratory who was at 
work daily during the period over 
which the measurements extended. 
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This worker admitted that he had not 
exercised proper care in handling a 
sample of radioactive material. The 
net drift observed soon after was 17.5 
divisions during the initial half value 
period of 54.5 seconds. The worker 
was then requested to exercise greater 
eare in laboratory manipulations. 
Three days later he was tested again 
and found to be only half as active, 
the net drift being 9.7 divisions. 
Three weeks later, with continued 
care, the drift had dropped to 2.6 
divisions. 

Finally, with a view to getting better 
quantitative data on the thoron con- 
tent of expired air, two of the workers 
were tested one hour after they had 
worked for four hours in the refining 
laboratory. At the time of the tests 
about 300 mg. of mesothorium were 
in process. The method of testing 
was modified by taking readings while 
the subject forced air continuously 
through the chamber. A net drift 
of 0.9 division per second was the 
maximum rate observed. The con- 
stant of the instrument used was 15.3 
x 10-°. The actual number of atoms 
of radon disintegrating per second for 
a drift of 1 division per second under 
conditions of the calibration is given by 
15.3 x 107° x 3.7 x 10° = 566. A net 
drift of 0.9 division per second would 
represent about 510 atoms of radon 
decomposing per second. If it is 
assumed as a first approximation that 
the same number of atoms of thoron 
disintegrating per second in the cham- 
ber produce a net drift of 0.9 division 
per second, this number also repre- 
sents the concentration of thoron in 
the air of the lungs, the capacity of 
the chamber and the lungs being 
about the same, 3,000 c¢.c. each. 
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TABLE 4.—BLOOD COUNTS OF THREE WORKERS IN MESOTHORIUM 


LABORATORY 




















DIFFERENTIAL LEUKOCYTE COUNT 




















































































































' f ' 
—_ HEMO- | ERYTHRO-| LEUKO- = A. = 
alsa GLOBIN CYTES CYTES a a 4 5 & © 
= S < & a 
8 & a . ie 
| millions |pere.mm| % | % | % | % | % 
Subject A. H. 

9/ 7/28 95 4.560 4,400 55. 15 0.5 38.0 5.0 
10/ 2/28 70-80 4.800 4,500 48.0 1.0 0.0 45.0 6.0 
11/ 8/28 95 5 220 4,224 57.0 1.0 0.0 40.0 2.0 
12/ 5/28 93 4.200 4,224 59.0 1.0 0.0 37.0 3.0 

1/ 7/29 93-95 5.120 6,240 60.0 0.5 0.5 37.0 2.0 

2/ 8/29 100 4.960 5,760 61.0 1.5 0.5 36.0 1.0 

Subject W. C. McG. 
10/19/27 | 85 4.264 4,896 57 3.5 1.0 29.3 8.7 
11/ 2/27 | 82 4.800 5,920 | 68 1.0 0.7 | 26.0 3.8 
11/17/27 83 4.472 6,240 70. 0.7 0.0 22.0 6.6 
12/ 1/27 ” 4.512 4,410 73. 2.5 0.0 19.0 5.0 
12/15/27 83 4.776 5340 66. 3.5 0.0 24.0 6.0 
12/29/27 82 4.376 6,590 3. 1.3 0.7 47.0 8.0 

1/12/28 82 4.320 5,000 60. 2. 0.0 32.0 6.0 

1/26/28 83 5.096 3 008 57. 2. 1.0 33.0 7.0 

2/ 9/28 §3 4.032 5, 664 64. 1. 0.0 97.0 7.4 

2/23/28 80 | 4.160 7,136 69. 3. 1. 21.5 5.0 
3/ 8/28 83 | 4.776 5 884 75. 1. 0. 21.0 3.0 
3/22/28 SO | 4.576 5,184 72. 2. 0. 20.5 5.0 
4/10/28 | 8&5 4.088 4,670 61. 2. 0. 32.5 4.0 

4/19/28 | 83 4.720 4.190 | 59. 5. 0. 30.0 6.0 
5/ 3/28 | 81 4.888 5,540 66. 3. 0. 26.0 5.0 

6/22/28 | 93 4.320 8 060 63. ‘. 0. 27.0 7.0 
10/28/30 | 93 4.870 6,600 55. ‘. 0. 42.0 0.0 

Subject H. S. 
10/19/27 S6 4.553 7,096 49. 2. 45. 4.0 
11/ 2/27 83 4.488 6,464 51. 0! 40. 7.0 
11/17/27 83 4.696 8 256 48. 0. 43. 9.0 
12/ 1/27 82 4.120 6,270 47. 0.: 48. 4.0 
12/15/27 S6 4.784 8.000 46. Zz, 46. 6.0 
12/29/27 85 4.704 8 540 54. 4. 34. 7.3 

1/12/28 S7 4 296 S384 54. 2. 3 7.0 

1/26/28 83 5.296 6050 47. 4. 37 11.0 
2/ 9/28 83 | 4.450 6,976 41. 5. 45. 11.0 
2/23/28 S4 | 4.192 § 480 45. 0. 48. 5.6 
3/ 8/28 S6 4 104 6,340 4S 2 42. S.0 

3. & Eee 
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TABLE 4.—Concluded 



























































DIFFERENTIAL LEUKOCYTE COUNT 

| wren! cure. | 8 . g | 8 
pare | ammo. jemvmno; weexo- | 2, | 2 | | 2 | By 
| | S$ 5" a = as 
BS | & 2 e | &E 
o& } oS > | 

Bod — _ = _ — 
ce | paiere neem! se | ce | om | % |e 

Subject H. S. 

3/23/28 | 85 4.625 5,760 48.0 1.0 | 0.0 49.0 2.0 
4/20/28 S7 4. 616 9 376 47.0 1.0 0.0 0 6.0 
5/ 7/28 90 4.984 7,390 60.0 1.3 0.0 33.0 5.¢ 
5/28/28 S5 4. S00 6,370 59.0 1.0 1.0 34.0 5.0 
6/22/28 92 4.000 7,300 63.0 1.0 0.0 32.0 4.0 
7/ 7/28 S5 3.480 5,696 55.0 2.0 0.0 40.0 3.0 
9/ 7/28 S7 4.350 5,900 56.0 3.0 0.0 36.0 4.0 
10/ 3/28 S5 4.590 7,460 60.0 1.0 0.0 34.0 5.0 
10/27/28 97 - 4.940 6,144 48.0 2.0 1.0 46.0 2.0 
12/10/28 85 4.282 5,760 55.0 0.3 0.7 40.0 4.0 











Earlier in this paper (p. 127) it was 
deduced that the air breathed by the 
workers in the refining laboratory 
carries a concentration of thoron 
which produces 11,500 atomic dis- 
integrations per second, a ratio fully 
twenty times greater than the thoron 
content exhaled by the most active 
worker.’ 


CyToOLoGy OF WORKERS 


From this study of the cytology of 
the young men exposed to repeated 
daily doses of radiation from meso- 
thorium and radium it was hoped to 
ascertain whether or not disturbance 
in hematogenesis would be demon- 
strated. Furthermore, would not 
such examinations be of value as a 
routine safety measure in_ places 
where radioactive material is handled? 

Blood counts were made upon the 


7A more electroscopic ex- 


extended 
amination of the workers is in progress. 


workers in the laboratory at intervals 
of two weeks for two of them and at 
intervals of one month for the third, 
during the period of employment. 
Since the termination of the work two 
subjects have had further exami- 
nations. 

The usual methods of blood ex- 
amination were employed, especial 
are being taken to have the conditions 
as uniform as possible. Hemoglobin 
was recorded, and red, white, and 
differential counts were made _ before 
the subjects began work in the meso- 
thorium laboratory. Blood was col- 
lected sometime between 2 
o’clock in the afternoon in 
standardized pipettes by one tech- 
nician. The blood was diluted 1 to 
20 with 2 per cent. acetic acid for the 
white count, and 1 to 200 with a 0.9 
per cent. saline solution for the red 
count. A full count of 100 squares 
was made in each count. All hemo- 


and 35 
the same 
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globin determinations were made with 
the same Dare hemoglobinometer. 
The differential count was made from 
slides stained with Wright’s stain, 300 
or more cells being classified. These 
slides were also examined for the 
appearance of abnormal red cells, the 
reticulated reds, or abnormalities in 
shape, size, or staining. The normal 
value for hemoglobin is 100 per cent. ; 
for erythrocytes from 4,500,000 to 
5,900,000 per cubie millimeter; for 
leukocytes from 6,000 to 8,000; for 
polymorphonuclear leukocytes 63 to 70 
per cent.; eosinophils 2 per cent. ; baso- 
phils 0.5 per cent.; lymphocytes 20 to 
30 per cent.; large mononuclear leuko- 
cytes 10 per cent. The results for 
three of the workers are given in 
Table 4. 

On examining the table, it is seen 
that the initial, and presumably nor- 
mal, red count and hemoglobin value 


of W. C. MeG. and of H. 8. and the 


polymorphonuclear leukocyte _ per- 
centages of H. S. were below the 


accepted standard for healthy young 
men. ‘The differences were not large, 
and there is no marked variation from 
these values during the period of the 
experiment except in the case of H. 5S. 
He definitely increased his red count 
during the summer months when he 
was able to get more out-of-door 
exercise. ‘This improvement has con- 
tinued. W. C. MeG. had one ab- 
normal white count (3/8/28) shortly 
before an attack of influenza. Except 
for this illness the health of the workers 
was quite normal throughout 
period. 

Since the blood of these subjects 
shows no abnormality, it is concluded 
that the exposure to the amount of 
radioactive material found in this 


this 
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laboratory has produced no injury to 
the hematopoietic organs, at least so 
far as can be measured by the pro- 
cedure used. 


SUMMARY 


In the laboratory used for the refin- 
ing of radium and mesothorium the 
intensity of the radiations from all 
sources has been reduced to a practical 


minimum. The ways and means of 
attaining these favorable  circum- 
stances have been described. Only 


two radiations remain which may be 
regarded as potentially harmful: (1) 
the gamma rays not removed by the 
shields and other screening devices, 
and (2) the alpha rays from emana- 
tions present in the air breathed by 
the worker. 

The effects of the much reduced 
intensity of gamma radiations have 
never become apparent. The conse- 
quences to the body glands of exposure 
to this intensity over a period of 
years have not been investigated. 

The amounts of radon and thoron 
in the laboratory air were measured 
quantitatively, the latter by an 
original application of a continuous 
flow method. The thoron content 
was of the order of 10° times greater 
than the radon content, which in turn 
was 10° to 10° times greater than the 
radon content of the earth’s atmos- 
phere. It was calculated that the 
number of atomic disintegrations oe- 
curring in the lungs of a worker was 
approximately 2 per cent. of the num- 
ber occurring in the body of a person 
carrying an amount of radium just 
within the limits of tolerance. 

For protecting workers the elec- 
troscopic examinations give a timely 
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warning of danger, far more sensitive 
than any other method. 

Since the blood of the workers 
showed no abnormality, it is con- 
cluded that the exposures in the re- 
fining laboratory have produced no 
injury to the hematopoietic organs, 
at least so far as can be measured by 
the procedure used. 

None of the workers (five in all) has 
experienced any debilitating effects. 
Indeed, none were anticipated, for the 
refining process had been carried out 
in the past in this laboratory, at a 
time when the precautions here de- 
scribed were unheard of, without any 
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harmful results to the workers, even 
though they were observed over a 
period of ten years after ceasing work. 
It may be concluded with certainty 
that exposure to the radiations may 
be reduced to such an extent that the 
effects over a period of two or three 
years are negligible. 


We owe thanks to Dr. G. F. Breckenridge 
for his generous co-operation in this in- 
vestigation; also to Claude E. Welch and 
Henry Skinner, graduate students, for 
assistance with various portions of the 
york. The radioactive materials used were 
supplied by the Welsbach Company, 
through the courtesy of Dr. H. S. Miner. 
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METHODS OF IMPROVING ATMOSPHERIC 
CONDITIONS 


ITH the development of min- 
ing at great depths, the prob- 
lem of securing comfortable 
working conditions is one of increasing 
importance. As mines increase in 
depth and extent, it becomes more and 
more necessary to compensate for the 
rise In air temperature consequent on 
increased strata temperatures and on 
oxidation. 

Possible methods of obtaining better 
atmospheric conditions are: (1) by in- 
creasing the air movement, either gen- 
erally or locally; and (2) by the appli- 
cation of some general or local method 
of air cooling. 

Hay and Clive (1) have emphasized 
the view that the and most 
economic method of keeping the tem- 
perature of the air below the strata 
temperature is by maintaining large 
airways, a judicious number of splits, 
and a large volume of air circulating. 
By this means the twofold effect is 
secured of increasing the air velocity 





best 


and reducing the temperature. Rees 
(2) (3) has shown that where the 


quantity of air passing is small, there 
is a considerable rise in temperature, 
through the conduction from the walls, 
during its brief passage down the 
shaft. On the other hand, where the 
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volume of air is large, the rise in tem- 
perature from this cause is negligible 
even in shafts nearly 3,000 feet deep. 
Similarly, along the air roads, the rise 
in temperature is less as the volume of 
air passing is greater. Ranson (4), 
in discussing the ventilation of mines 
on the Witwatersrand, has also drawn 
attention to the cooling effect of large 
volumes of air. 

In older pits it is often difficult to 
circulate large volumes of air, and in 
such eases, considerable improvement 
ean often be obtained by the loeal use 
of small auxiliary ventilating units. 
Haneock (5) gives valuable data con- 
cerning the use of such units. In order 
to supplement the ventilation of one 
district in a certain colliery he in- 
stalled a centrifugal fan 2 feet, 3 inches 
in diameter. The air velocity at the 
coal face was increased from 16 to 65 
feet per minute, the dry bulb tem- 
perature was reduced from 75° to 71°, 
and the wet bulb from 74.5° to 69.5°. 

Discussing possible means of im- 
proving conditions at the Village Deep 
Mine on the Witwatersrand, Mavro- 
gordato and Pirow (6) conelude that 
local on 
douche principle appears to 
most helpful method. 

Different methods of securing a gen- 


air movement the jet or 


I the 


De 


eral reduction in air temperature, other 
than by increasing the circulation, 
have been attempted with varying 
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\I ETHODS OF IMPROVING ATMOSPHERIC 
CONDITIONS 


ITH the development of min- 

ing at great depths, the prob- 

lem of securing comfortable 
working conditions is one of increasing 
importance. As mines increase in 
depth and extent, it becomes more and 
more necessary to compensate for the 
rise in air temperature consequent on 
increased strata temperatures and on 
oxidation. 

Possible methods of obtaining better 
atmospherie conditions are: (1) by in- 
creasing the air movement, either gen- 
erally or locally; and (2) by the appli- 
cation of some general or local method 
of air cooling. 

Hay and Clive (1) have emphasized 
the view that the and most 
economic method of keeping the tem- 
perature of the air below the strata 
temperature is by maintaining large 
airways, a judicious number of splits, 
and a large volume of air circulating. 

sy this means the twofold effect is 
secured of increasing the air velocity 


best 


and reducing the temperature. Rees 
(2) (3) has shown that where the 


quantity of air passing is small, there 
is a considerable rise in temperature, 
through the conduction from the walls, 
during its brief passage down the 
shaft. On the other hand, where the 
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volume of air is large, the rise in tem- 
perature from this cause is negligible 
even in shafts nearly 3,000 feet deep. 
Similarly, along the air roads, the rise 
in temperature is less as the volume of 
air passing is greater. Ranson (4), 
in discussing the ventilation of mines 
on the Witwatersrand, has also drawn 
attention to the cooling effect of large 
volumes of air. 

In older pits it is often difficult to 
circulate large volumes of air, and in 
such cases, considerable improvement 
ean often be obtained by the local use 
of small auxiliary ventilating units. 
Hancock (5) gives valuable data con- 
cerning the use of such units. In order 
to supplement the ventilation of one 
district in a certain colliery he in- 
stalled a centrifugal fan 2 feet, 3 inches 
in diameter. The air velocity at the 
coal face was increased from 16 to 65 
feet per minute, the dry bulb tem- 
perature was reduced from 75° to 7 
and the wet bulb from 74.5° to 69. 

Discussing possible means of im- 
proving conditions at the Village Deep 
Mine on the Witwatersrand, Mavro- 
gordato and Pirow (6) conelude that 
local air movement on the jet or 
douche principle appears to be the 
most helpful method. 
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Different methods of securing a gen- 
eral reduction in air temperature, other 
than by increasing the circulation, 
have been attempted with varying 
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measures of 


success. Probably the 
best known example is the use of 
refrigeration at the Morro Velho Mine 
in Brazil (7). The outside air at a 
temperature of 72° (wet bulb) is 
cooled to 43.2° by the large refrigerat- 
ing plant situated on the surface. At 
the working face the wet bulb tem- 
perature is lowered from 89° to 80°, 
but the effeet on the dry bulb tem- 
The 
air takes up so mueh heat from the 
surfaces with which it comes in con- 
tact that the dry bulb temperature 
at the working face is only 2° or 3° 
lower than before, 

Other methods of cooling the intake 


perature is much less marked. 


air include the use of water sprays, or 
passing the air over blocks of ice or 
over cold water radiators. 

While it may be possible by such 
means to chill the air below its dew 
point, and thus secure some reduction 
in the wet bulb temperature, these 
methods of cooling the air at the sur- 
face, or in the main intake, do not seem 
likely to cause a lowering of the dry 
bulb temperature at the working face. 
Owing to its low specifie heat, the air 
is very rapidly rewarmed by contact 
with the rock surface, and in traveling 
a considerable distanee to the face it 
has time to regain equilibrium with the 
zone of rock surrounding the airway. 

Local refrigeration was attempted by 
Hancock (8). The refrigerator, of the 
‘carbon dioxide compressor type, was 
installed in the intake airway of the 
district under investigation. No posi- 
tive result was achieved, however, and 
it was said that the machine either was 
too small for its work or, alternatively, 
was ereeted too far from the coal face. 

Local cooling by means of ice has 
been used at the Village Deep Mine 


ee 
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(9). Ice was placed on trays in the 
delivery ends of the 15-inch ventila- 
tion pipes. The temperature of the 
air delivered from the pipes was re- 
duced by 6°F. The temperature re- 
duction at the face depended on the 
proximity of the ventilating column. 
With the delivery end of the column 15 
feet away, the temperature at the 
face was reduced by from 2° to 3°, 


ISXPERIMENT IN LocaL Arr Con- 
DITIONING BY MEANS OF ARTI- 
FICIAL HUMIDIFICATION 


Certain observations on the working 
capacity of coal miners in relation to 
atmospheric conditions, made on be- 
half of the Industrial Health Research 
Board, suggested that in a hot, dry 
mine it might be possible to improve 
the working conditions by means of 
artificial humidification. In order that 
this conelusion might be put to a 
practical test, we carried out an ex- 
periment in air conditioning by this 
method at a certain colliery. 

The place selected for the work was 
a small district comprising a short 
length of coal face of about 170 yards, 
worked on the advancing longwall 
system. The distance of the coal 
face from the bottom of the downeast 
shaft is about 14 miles, and the 
amount of cover is 637 yards. 

From preliminary observations it 
was found that the volume of air 
passing along the level leading to the 
coal face was approximately 12,500 
cubic feet per minute, at temperatures 
of about 75° dry bulb and 65° wet 
bulb. It was calculated that to satu- 
rate this volume of air at the wet bulb 
temperature of 65° it would be neces- 
sary to evaporate about 12 gallons of 
water an hour. 


J. 1. H. 
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The humidification was effected by 
means of a range of five Andrew 
humidifying heads placed 2 yards 
apart, each head being capable of 
atomizing 3 gallons of water an hour. 
Compressed air aspirates water into 
the humidifying head and discharges 
it in an atomized condition. The air 
and water supplies to each head can 
be independently controlled, and the 
heads are adjustable so that the spray 
can be discharged in any required direc- 
tion. Weadjusted them so that across 
the whole section of the airway there 
vas a screen of finely atomized water, 
and in this way we were able to in- 
crease the saturation of the air from 
about 45 per cent. to 80 per cent. 
The water used by the atomizers was 
brought specially from the pit bottom. 

It was decided to install the hu- 
midifiers near the point where the air 
reached the coal face, but at the 
beginning of our observations it was 
found inconvenient to fix the apparatus 
in the desired position for a few days. 
Some preliminary observations were 
therefore made with the humidifiers 
placed further back in the air road, 
about 120 yards away from the coal 
face. Later, the apparatus was moved 
up to within about 10 yards of the coal 
face and further temperature ob- 
servations were made. Figures 1 and 
2 show the average conditions ob- 
served in the two series of observations. 

From Figure 1 it will be seen that 
in the earlier observations humidifica- 
tion lowered the dry bulb temperature 
by 7°—from 74.4° to 67.4°—but by 
the time the coal face was reached the 
air had been warmed so that it was 
only 2.1° cooler than with normal 
ventilation. Further along the face 
the dry bulb temperatures shown by 
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the two curves are practically the same. 
The curves of water content, which is 
expressed as grains of water vapor per 
pound of dry air, show that the air was 
slightly more moist to begin with on 
days when the atomizers were used. 
There was a sudden rise in moisture 
content at the point of humidification, 
but afterward the rate at which water 
was picked up was less than with 
normal conditions, so that along the 
latter half of the coal face the moisture 
content of the air was nearly the same 
in the two sets of observations. The 


























1 , T 
80 L Air Aumidified SS a ae 
Normal veatilaticn {<S* Ory bulb 
75 Fr 4 
| S 
79 Fr J > 
agg S 
e ~ 
3 
p65 r 400 2 
s . 
ST ~~2 90 8 
S SToisture ~~~ ] > 
"GOP content 430 . 
ah 
z 
r leow 
. S 
| S 150% 
[ : S 
\ S 
lL i 1 “ogi Foce 1 s 8 
¢) /00 200 3090 +00 500 











Distance fram devel end, in yards 


Fic. 1.—Effeet of humidification, with 
atomizers 120 yards from coal face. 


middle pair of curves shows that the 
wet bulb temperature started rather 
higher on the days when the air was 
conditioned, but the curves run prac- 
tically parallel to each other, and the 
humidification does not appear to 
have caused any sensible rise. 

The average conditions observed 
when the atomizers were situated close 
to the coal face are shown in Figure 2. 
When the atomizers were working, the 
dry bulb temperature in their vicinity 
was reduced by 9°. Where the air 
entered on to the coal face it was 7.8° 
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less than under normal conditions, but 
after passing along 35 yards of face 
this difference had been reduced to 
1.9°, and after another 44 yards had 
been traversed the difference was only 
1.1°. Further along the face the cool- 
ing effect vanished. The curve of 
moisture content shows a marked rise 
toward the return end of the coal face. 
This is not due to the effect of the air 
conditioning, but to the evaporation 
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atomizers close to coal face. 


of water which, for some days, dripped 
from the roof at that end of the face. 
The wet bulb temperatures shown by 
the two identical 
until the seeond half of the coal face 
there the effect of 
seepage from the roof is shown. 

of Figure 2 with 
Figure 1 shows that, after conditioning, 
the air warmed up much more quickly 
when the atomizers were close to the 
eoal face. This is due, of course, to 


curves are almost 
is reached, and 


A comparison 
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the more rapid emission of heat from 
the newly exposed surfaces. In the 
lowest pair of curves in Figure 2 is 
shown the total heat content of the air, 
expressed as British thermal units per 
pound of dry air. This figure repre- 
sents the amount of heat which it 
would be necessary to remove from a 
mixture of dry air and water vapor in 
order to cool it, under constant baro- 
metric pressure, to 32°F., and to con- 
dense out all the water vapor into 
liquid water at 32°. The values have 
been calculated according to the equa- 
tion given by J. S. Jones (10). The 
curves show a much more rapid gain 
of heat along the coal face than in the 
intake approaching the face. 


CONCLUSIONS 


The observations on air conditioning 
show that where the rate of heat 
emission was low, the cooling influence 
of the humidification was felt over a 
reasonable distance. When the atomiz- 
ers were situated 120 yards from the 
coal face the air temperature 85 yards 
beyond them was still 3° lower than 
with normal ventilation. However, 
when the rate of heat emission was 
high, as along the coal face, the cool- 
ing effect of conditioning was soon 
lost. For instanee, Figure 2 shows 
that while the conditioned air reached 
the coal face 7.8° cooler than under 
normal conditions, by the time it had 
traveled along 35 yards of face this 
difference was reduced to 1.9°. The 
experiment was carried out under fa- 
vorable conditions, in a district with 
good ventilation. With a more slug- 
gish ventilation the rise in temperature 
after conditioning would probably 
have been much more rapid. 

Our results lead to the conclusion 
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REDUCTION OF MINE 


that air conditioning by artificial hu- 
midifieation is not likely to be of value 
for general application in hot and dry 
mines. The method might, however, 
be used in such mines as a palliative 
measure in certain isolated circum- 
stances, always provided that the 
humidification could be done quite 
close to the working position. The 
real solution of the high temperature 
problem appears to be the provision of 
large volumes of rapidly moving air. 


SUMMARY 


Various methods of obtaining a 
cooler atmosphere in mines have been 
mentioned, and an experiment in local 
air conditioning by means of artificial 
humidification has been described. 

The air conditioning was tried on a 
coal face 170 yards in length, and the 
effects of humidification were observed 
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when the apparatus was placed (a) 
120 yards away from the face, and 
(b) close to the face. In the former 
case the conditioning reduced the air 
temperature by 7°, but the tempera- 
ture rose quickly, and by the time the 
coal face was reached it was only 2.1° 
lower than under normal conditions. 
With the apparatus working close to 
the coal face the air reached the face 
7.8° cooler than under normal condi- 
tions, but after traversing 35 yards 
of face the cooling effect was reduced 
to 1.9°, and further along the face the 
effect was barely noticeable. 

The conditioning caused no sensible 
rise in the wet bulb temperature. 

It is concluded that air conditioning 
by this method is not likely to be of 
value for general application, but that 
it might be used as a palliative measure 
in certain circumstances. 
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METHOD FOR THE DETECTION AND 
OF SMALL AMOUNTS OF LEAD* 


W. I<rans AND J. B. FIcKLEN 


Chemical Laboratory, The Travelers Insurance Company and The Travelers 
Indemnity Company . 


AVING use for a method for 
the deteetion and estimation 
of small quantities of lead 

(less than 0.2 mg.) in the presence of 
inorganie substances in water samples 
taken in connection with studies on 
lead in air, the authors were led to 
investigate the standard methods for 
the determination of this element as 
described in various textbooks. Very 
unsatisfactory results were obtained 
with most methods, and those that 
gave fairly accurate results were so 
tedious and required so much technic 
that for routine use they were pro- 
hibitive. With the foregoing results 
at hand, the method here deseribed was 
finally used. It is based on a modifica- 
tion of the methods discussed by Fair- 
hall (1), while the exact procedure is 
a substantial modification of the work 
of Kehoe, Edgar, Thamann, and San- 
ders (2). The method is aecurate to 
the extent of 0.005 mg. of lead, pro- 
vided samples taken are very small 
(0.2 mg. or less), and the technic is 
not so complicated as to make its use 
limited to analysts with a high degree 
of manipulative skill. Moreover, it 
allows the reporting of results within 
twenty-four hours after receipt of the 
sample in the laboratory. 


*Received for publication Feb. 28, 1931. 
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PROCEDURE 


If the sample under examination is 
in solid form, it should be pulverized 
to pass through a 100-mesh sieve, and 
a representative sample of this powder 
should be taken and placed in 50 e.e. 
of distilled water. The sample should 
be of such size as to contain not more 
than 0.2 mg. of lead. In the case of a 
lead bearing liquid or a suspension of 
lead bearing material, an aliquot por- 
tion containing approximately 0.2 mg. 
of lead, or less, should be used. Add 
to the sample,! prepared as above, 25 
c.c. of nitrie acid (1:1), evaporate to 
between 2 and 4 e.e., cool, and make 
up to 80 ¢.e. with distilled water. Add 
4 drops of phenolphthalein solution 
(0.5 per cent. in 1 per cent. sodium 
hydroxide) and neutralize with 25 per 
cent. sodium hydroxide solution, add- 
ing an excess of 5 drops. Acidify with 
5 per cent. acetic acid until the pink 
color just disappears, and add 2 c.c. 
in excess. Bring to the boiling point 
and precipitate the lead as chromate 
by adding 1 ¢e.ec. of 1 per cent. potas- 
sium chromate solution. Place on 
steam bath for one hour and allow to 
stand in a warm place (about 20°C.) 
overnight. Heat just below boiling 


ral 


1 All lead bearing samples should be sol- 
uble in hot concentrated nitric acid. 
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TABLE 1.—EXPERIMENTAL RESULTS 


| EXPERIMENT NO.|| 


Nh ©) bD 


” 
. — 


10 














LEAD | FOREIGN SUBSTANCE 
2 fed) | 

== | 7 2 | Name | Amount Used 
ial tk 

md. | mg. | mi. 
0.000,0.000; Aluminium | 0.100 
100) .098) Aluminium | .100 
200) .208 Aluminium | .100 
600 000) Antimony | .100 
100) .094, Antimony | .100 
200) .208 Antimony | .100 
600.000) Arsenic _ 100 
100) .098 Arsenic | .100 
200! .208) Arsenie |. 100 
.000 -000) Barium .100 
.100) .102) Barium .100 
200) .206 Barium 100 
.000' .000! Bismuth .100 
100) .104, Bismuth .100 
.200) .214, Bismuth 100 
000) .000, Cadmium .100 
100.100 Cadmium | .100 
.260' .204, Cadmium | .100 
000, .000 Calcium =|. 100 
100) .098) Caleium 100 
.200 .194) Caleium 100 
.000) .000, Cobalt 100 
100, .096, Cobalt 100 
.200, .200, Cobalt 100 
000 .000| Copper 100 
100. 096 Copper 100 
.200) .093) Copper 100 
000, .000 Tron 100 
100, .694) Iron 100 
.200, .098! Iron . 100 
.O00) .000' Magnesium | .100 
100) .104' Magnesium | .1060 
200) .206) Magnesium 109 
G0C, .000| Manganese 100 
100, .100) Manganese 100 
.200; .204 Manganese 100 
000) .000) Mereury 100 
100! .090° Mercury 100 
200) .200) Mercury 100 
006) .000) Nickel 100 
100, .102) Nickel .100 
.200' .212 Nickel 100 








TABLE 1.—Concluded 


LEAD FOREIGN SUBSTANCE 








| 
OXPERIMENT NO, | 
t 





~ a 
= = = Name Amount Used 
si 
mg. | mg. | mg. 
430.000) .000 Silver 0.100 
44; .1000.092 Silver _ .100 
45, .200) .092) Silver 100 
456 .000 .000)' Strontium 100 
47; .100 .100) Strontium 100 
48 .200) .204 Strontium 100 
49.000 .000) Tin .100 
50! .100, .094 Tin 100 
51; .200° .196 Tin 100 
52, .000, .000 Zine .100 
03, .100, .098 Zine .100 
54, .200 .206 Zine 100 
55) .005 .006) None 
55) .100' .108 None 
57| .150' .150' None 
58) .200' .220° None ee 
59; .000) .000) All above .100 of each 
60 .100 .100! All above .100 of each 
61) .200) .224 .100 of each 


All above 


for fifteen to twenty minutes and filter 
hot through a filter (no. 42 Whatman 
—l1lem.) which has been washed down 
with hot Rinse the beaker 
thoroughly on to the filter paper with 
hot water, washing the precipitate 
well with hot water in order to remove 
all traces of soluble chromates. Place 
15 c.c. of hydrochloric acid (1:2) in the 
beaker which was used for precipita- 


water, 


tion, and rinse the sides of the beaker 
well with the acid. Place the funnel 
containing the filter and precipitate 
over a 200-e.c. volumetric flask and 
carefully pour the hydrochloric acid 
which is in the beaker over the entire 


surface of the filter paper. Rinse the 


beaker on to the filter paper and then 
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wash the filter thoroughly, using cold 
distilled water for both operations. 

To the solution in the volumetric 
flask add 2 ¢.c. of s-diphenyl carbazide 
solution (1 per cent. in glacial acetic 
acid) and make up to the mark with 
distilled water. Shake well and, by 
means of a colorimeter, estimate the 
amount of lead in the sample by com- 
paring the intensity of the pink color 
(3) against a known standard. 

To make a lead standard to be used 
for matching against the unknown 
sample, dissolve 0.142 gm. of potas- 
sium dichromate (IXsCreO;) in distilled 
water and make up to 1 liter; 1 ¢.c. of 
this solution is equivalent to 0.2 mg. 
of lead. Take 5 e.c. of this solution, 
add 2 ¢.c. of s-diphenyl carbazide, and 
make to 1 liter; 1 ¢.e. of this solution 
is equivalent to 0.001 mg. of lead. 


EXPERIMENTAL 


Fearing that the presence of certain 
other basie constituents might seri- 
ously interfere with the procedure here 
given, the authors undertook a series 
of experiments to test this point with 
samples containing known amounts of 
lead and known amounts of impurities. 
There was no interference from any 
of the substances used. The results 
in Table 1 are self-explanatory. 


DiscUSSION 


All apparatus should be washed, 
before using, with hot 10 per cent. 
nitric acid, and then with distilled 
water, in order to insure freedom from 
lead. A blank test should be run to 
determine the purity of the reagents. 

It was determined that if the color 
standard was made up to the strength 


outlined above, the sharpest color 
change was noted. A Campbell- 
Hurley modification of the Kennicott- 
Sargent colorimeter (4) was used. 

It is advisable to make up the s-di- 
phenyl carbazide reagent and the color 
standard solution (that is, the potas- 
sium dichromate-s-diphenyl carbazide 
solution) fresh each day. The stock 
solution of potassium dichromate may 
be kept indefinitely. 

This method was originally devel- 
oped as a means of determining, with 
an accuracy of 10 per cent., the lead 
content of air samples, which were 
taken with a Greenburg-Smith im- 
pinger (5). It should be noted from 
the experimental results, however, that 
owing to the noninterference of other 
metallic as well as alkali-earth constit- 
uents when present in amounts of 0.1 
mg. or less, the method has wide 
application. Control of these ingre- 
dients can be kept, in nearly every case, 
by the selection of a suitable aliquot 
portion of the original sample. Exces- 
sive amounts of phosphate should 
interfere with the method. 


SUMMARY 


1. A rapid and rather exact method 
has been developed for the estimation 
of lead in amounts under 0.2 mg. 

2. A great many metals and alkali- 
earths do not interfere with the method 
when the amounts are kept below 
0.1 mg. 

3. This method should, therefore, 
have a certain scope of application, 
not only in industrial health work but 
also in other fields demanding a rapid 
chemical microanalytie method for the 
determination of lead. 


J. I. H. 
April, 1951 


NEE eee 























— 


to 


COLORIMETRIC DETECTION AND ESTIMATION OF LEAD 143 


BIBLIOGRAPHY 


_ Farruauy, L. T.: Lead Studies: I. The 


Estimation of Minute Amounts of Lead 
in Biological Material. Turis Jovr., 
1922-1923, 4, 9. 


. Kenog, R. A., Epcar, G., THAMANN, F., 


AND SANDERS, L.: The Excretion of 
Lead by Normal Persons. Jour. Am. 
Med. Assn., 1926, 87, 2081. 


3. CAZENEUVE, P.: Sur la diphénylearba- 


zide, réactif trés sensible de quelques 
composés métalliques (cuivre, mer- 
cure, fer au maximum, acide chromi- 
que). Jour. de pharm. et de chim., 
1900, 12, 150; abstr. in Analyst, 1900, 
25, 331. 


4, CAMPBELL, E. D., ann Hurtey, W. B.: 
A Modified Colorimeter and Some 
Tests of its Accuracy. Jour. Am, 
Chem. Soc., 1911, 33, 1112. 

Scott, W. W.: Standard Methods of 
Chemical Analysis. Second edition. 
New York, D. Van Nostrand Co., 1918, 
pp. 245-246, 440. 

5. Katz, 8. H., Smita, G. W., Myers, 
W. M., Trostex, L. J., INGEts, M., 
AND GREENBURG, L.: Comparative 
Tests of Instruments for Determining 
Atmospheric Dusts. U. 8S. Pub. 
Health Bull. No. 144, 1925. 

Testing the Air. The Travelers Stand- 
ard, 1930, 18, 241. 











BOOK REVIEW 


Cast Strupies oF UNEMPLOYMENT. 150 Pre- 
ventable Misfortunes. Research Study 
No. XII, Industrial Research Depart- 
ment, Wharton School of Finance and 
Commerce, University of Pennsylvania. 
Compiled by the Unemployment Com- 
mittee of the National Federation of Set- 
tlements. Cloth. Pp. 418 with index, 
Philadelphia: University of Pennsylvania 
Press, 1931. 

This book introduces to us individ- 
ual and family situations in which 
from the faet of broken employment 
we trace progressive economic degra- 
dation leading often to disorganized 
family relations and demoralized in- 
dividuality. The poignancy of these 
stories stirs at least an emotional pro- 
test against an economie system which 
fails to prevent such misfortunes. 
The means by which these misfortunes 
are preventable are not clear under a 
system of competitive individualism, 
the principles of which most, if not all, 
of us accept in practice. 

An expansion of these case studies 
to trace not only consequences but 
causes of broken employment would 


add substance to our emotional pro- 
test. Such studies honestly pursued 
would lead us from the fact of broken 
employment back through the em- 
ployment selection of the more capable 
workers; through the mazes of finance 
concerned with ownership and opera- 
tion, and distribution and sale; back 
to the motives of all of us who buy de 
luxe automobiles or shop in the ‘‘5-and- 
10.’> Sueh studies should open our 
eyes to candid appraisal of social 
justice at every point where the in- 
satiable human desire to get more and 
more for less and less exerts its relent- 
less pressure upon our economic sys- 
tem. Such unequivocal pursuit of 
the case studies of this book might for 
many of us transform an emotional 
protest against an impersonal system 
into a rational and practical sense of 
personal responsibility in the misfor- 
tune of the less fortunate individuals 
of our competitive system.—Harold W. 
Stevens. 
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